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© Electrical connection. 


® An electrical connection across a peripheral sur- 
face through a sealed enclosure (34A) in a radial 
plane between a tubing hanger (5) and a surrounding 
support member (3). The connection involves a cou- 
pling element (17) In the tubing hanger and a shuttle 
(20) which can reciprocate from a position wholly 


within the support member, across the Interface and 
into electrical connection with the coupling element, 
without producing any movement of a cable 
(9,10.11.15) leading into a sealed enclosure within 
the support. 
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The present invention relates to an electrical 
connection between a radially inner and a radially 
outer member, for example, in a housing assembly 
of a wellhead of an oil or gas field. 

Electrical connections are reguired in housing 5 
assemblies for high power circuits for running 
downhole equipment such as pumps and heating 
coils, and for electrical signals to and from down- 
hole equipment. Such electrical connections are 
conventionally made through the top of the tubing to 
hanger once the tubing hanger is landed in a 
housing or wellhead. The space available for the 
connections is therefore limited. This may result in 
the production bore being off-centre which has 
serious operational implications in ensuring equip- 
ment is correctly aligned. Furthermore, the blow 
out preventer has to be removed for access to the 
top of the tubing hanger. The tubing hanger then 
provides the only barrier, which causes a safety 
problem if the well is live. 

The electrical connection must pass through a 
pressure boundary to the tubing hanger. In the 
case of a power core, full insulation is needed. As 
good insulators have generally poor sealing prop- 
erties. sealing at the pressure boundary at the well 
temperature is difficult. 

According to the present invention, an assem- 
bly providing an electrical connection across an 
interface between a radially inner member and a 
surrounding radially outer member, comprises a 
sealed enclosure between the inner and outer 
members; a cable which leads to the enclosure and 
is fixed and sealed to a wall of the enclosure, and 
which has at least one conducting core; an elec- 
trical coupling element within the inner member; 
and a shuttle which is reciprocatable radially in- 
wardly from a disconnected position wholly within 
the outer member to a connected position In which 
the shuttle makes an electrical connection from the 
conductor core to the electrical coupling element. 

As the connection is made across a peripheral 
surface in a radial plane, it does not have to be 
through the top of the inner member, e.g. a tubing 
hanger. Therefore the space limitation of the prior 
art is avoided. Furthermore, when the invention is 
applied to the housing of a wellhead assembly, it 
eliminates the need to remove the blow out pre- 
venter. 

It is the shuttle which bridges the gap across 
the enclosure between the inner and outer mem- 
bers and therefore prevents damage to the cable 
which is not exposed in the potentially hostile pres- 
surised region between the two members. No elec- 
trical cables or components are required to move 
through a pressure barrier so that make up can be 
achieved in a constant volume void irrespective of 
the pressure. 


As the shuttle does not have to contain pres- 
sure. there is no problem achieving an insulated 
connection. 

In one embodiment, generally suitable for an 
electrical signal, a connecting cable connected to 
the cable is coiled within the enclosure and Is fixed 
to the shuttle. The connecting cable may be an 
extension of the cable core. When the electrical 
connection is made up. the coil is simply extended. 

Such flexible coiled cables are not practical for 
making electrical connections for power supplies. 
Therefore, as an alternative, the shuttle is slidable 
with respect to a fixed power core which provides a 
coupling element electrically connected to the ca- 
ble core. Thus, only the shuttle is moved. The 
shuttle may be provided at either or both ends with 
a pin which mates with a corresponding socket of 
the respective coupling element to make the elec- 
trical connections, or the shuttle may be provided 
20 at either or both ends with a socket which mates 
with a corresponding pin of the respective coupling 
element to make the electrical connections. 

For a large concentric production bore, the 
invention may be used in the housing of a wellhead 
25 assembly in which a plurality of connections are 
circumferentially disposed about the longitudinal 
axis of the tubing hanger, and have their lines of 
operation offset from the axis of the tubing hanger. 
For three phase power, three separate connections 
30 can be used. Preferably the lines of operation are 
tangential to a circle centred on the axis of the 
tubing hanger. 

The space within the shuttle may be filled with 
a dielectric gel which is contained within a flexible 
35 bladder exposed to the surrounding pressure. This 
ensures that the pressure inside the shuttle re- 
mains constant with respect to the surrounding 
pressure and prevents any ingress of hostile fluids 
that could contaminate the gel. A series of gland 
40 type diaphragms may be provided at each end of 
the shuttle which seal with the respective coupling 
element, or close up in the absence of a coupling 
element in order to retain the gel within the shuttle. 
The complete sealing allows the connection to be 
45 made up under pressure. 

The shuttle may be reciprocated by rotation of 
a screw threaded element coupled to the shuttle. 

As an alternative to providing a plurality of 
connections circumferentially disposed about the 
so axis of the tubing hanger, a plurality of cables may 
be connected in a single connection. In this case, 
there may be insufficient room in the wall of the 
tubing hanger to accommodate a set of single 90 • 
couplings around a concentric bore. It may there- 
55 fore be necessary to offset the bore of the tubing 
hanger from the axis of the tubing hanger. 

This arrangement means that only one diver or 
ROV operation is necessary to make several con- 
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nections, thereby reducing the time taken, and 
hence the costs. Furthermore the cable does not 
have to be separated and then spliced together 
down the well. 

One particularly advantageous way of offsetting 5 
the bore is to provide an axial bore in the top of the 
tubing hanger, which bore leads into an offset bore 
having a diameter smaller than that of the axial 
bore allowing a tubing string to be supported with 
its axis offset from the axis of the tubing hanger. io 
This has the advantage that operations associated 
with the top of the tubing hanger, such as running 
tool operations, can still be performed in concentric 
mode. Furthermore, double barrier protection can 
be provided in the form of two concentric plugs in 75 
the axial bore. This means a BOP can be installed 
prior to the removal of the plugs, allowing safe 
access to a live well irrespective of its condition of 
completion. 

This offset bore configuration provides an in- 20 
dependent invention as it can be used in any 
application where more space is required at one 
side of the tubing hanger wall. 

Wellhead assemblies incorporating examples 
of assemblies providing electrical connections ac- 25 
cording to the present invention will now be de- 
scribed with reference to the accompanying draw- 
ings. in which:- 

Fig. 1 is a diagrammatic axial section through 
the wellhead assembly; 30 

Fig. 2 is a radial section through the wellhead 
assembly showing first and second examples of 
the connector; 

Fig. 3 Is a section through a first example of a 
connector in the disconnected position; 35 

Fig. 4 is a view similar to figure 3 in the con- 
nected position; 

Rg. 6 is a diagram illustrating the principle of 
operation of the first example; 

Fig. 6 Is a section through a second example of 40 
a connector in the connected position; 

Fig. 7 is a section through a third example of a 
connector in the disconnected position; 

Fig. 8 is a section through a fourth example of a 
connector in the disconnected position; and 45 

Fig. 9 is a view of a modified wellhead assembly 
incorporating a connector according to the third 
or fourth examples of the present invention. 

The wellhead assembly comprises a wellhead 
1 with a production casing 2. A spool body 3, such so 
as a spool tree described in our copending applica- 
tion number 92305014.0, is installed on top of the 
wellhead. Production tubing 4 is run into the pro- 
duction casing until a tubing hanger 5 seats in the 
spool tree 3. The necessary valves and pipe work 55 
6 are provided for the spool tree 3. 

A downhole pump 7 is provided with three 
phase power from a power cable 8. This cable is 


split into three single power cores 9,10 and 11 at a 
junction box 12. The three single power cores 9,10 
and 1 1 are connected to the spool tree 3 by three 
coupling housings 13 circumferentially disposed ar- 
ound the spool tree 3. Only two of the couplings 
are shown in figure 1 . 

Three connections 14 which are constructed in 
accordance with a first example of the present 
invention provide the power connection bridging 
the gap between the spool tree 3 and the tubing 
hanger 5. Seals 14A.14B are provided above and 
below the connections 14 respectively. These seal 
with the spool tree 3 and tubing hanger 5 and 
together with seals to be described later form a 
sealed enclosure through which the connections 14 
penetrate. The power cables run from the tubing 
hanger 5 down the well between the production 
casing 2 and the production tubing 4 to the single 
power cable 7. A downhole gauge cable 15 is 
additionally provided and a connection 16 for this 
(not shown in figure 1), constructed in accordance 
with a second example of the present invention, is 
provided between the spool tree 3 and the tubing 
hanger 5. 

Figure 2 shows the three power connections 14 
and one signal connection 16 circumferentially dis- 
posed around the spool tree 3 in a common radial 
plane. The power connections 14 are mounted 
tangentially, allowing more space for a larger con- 
centric production bore. 

The power connection 14 according to the first 
example of the invention is shown in greater detail 
in figures 3 and 4. A plug 17 Is provided in the 
tubing hanger 5 and has a pin 18 provided with an 
electrical contact portion 19. A housing 19A Is 
secured to the spool tree 3 and contains a shuttle 
20. The shuttle 20 comprises a sleeve 21 which is 
slidable on a power core 22. A power cable 9,10.11 
is sealed to the housing 19A and is screwed, 
potted and insulated in the conventional way. The 
power core 22 is electrically coupled to the power 
cable 9,10 and 11 through the sealing to the hous- 
ing 19A. The core 22 Is provided, at the end 
adjacent to the tubing hanger 5 with an electrical 
contact portion 23. Three gland type diaphragms 
24 are provided at each end of the sleeve 21 and 
serve to seal between the sleeve 21 and power 
core 22,18. A flexible bladder 25 is provided within 
the sleeve 21. joins at each end to the diaphragms 
24.and is filled with dielectric gel 26. A vent hole 
27 in the sleeve 21 exposes the bladder to the 
surrounding pressure. The sleeve 21 has a first 
electrical contact portion 28 at its end closest to 
the tubing hanger 5 and a second electrical contact 
portion 29 spaced further Inside the sleeve 21 than 
the first contacting portion 28. 

The mechanism for driving the sleeve com- 
prises a rotatable drive sleeve 30 which has a 
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female screw thread engaged with a male screw 
thread on the sleeve 21. An anti-rotation ring 31 
prevents rotation of the sleeve 21 . The drive sleeve 
30 is coupled by means of a bevel gear 32 to a 
drive shaft 33. The shaft is sealed in the housing s 
19A by a bonnet valve seal 33A. This sleeve is 
driven by manual drive 34. Rotation of the drive 
shaft 33 causes rotation of the drive sleeve 30 
which, by virtue of the anti-rotation ring 31. is 
translated to lateral movement of the sleeve 21. to 
The manual drive 34 may be operated either by a 
diver or by ROV. Alternatively a modified sleeve 
can be used which is hydraulically operated. 

The sealing between the cable 9,10,11 and the 
housing 19A, together with the seals 14A.14B and rs 
bonnet valve seal 33A form a sealed enclosure 34A 
in which the shuttle 20 reciprocates. 

When the tubing hanger 5 is run into the spool 
tree 3, the sleeves 21 of the three power connec- 
tions 14 are in their fully retracted positions, as 20 
shown in the top two examples illustrated in figure 
2, in which they do not project into the production 
bore. Once the tubing hanger 5 has landed in the 
correct orientation, the sealed enclosure 34A is 
formed by seals 14A.14B. The enclosure 34A can 25 
then be flushed with dielectric oil through a system 
of ducts and valves (such as the valve 34B and 
duct 34C shown in figure 8) in order to remove any 
well completion fluid which may be trapped in the 
enclosure. The electrical connection can then be so 
made up. Thus, manual drive 34 is operated, as 
described above, to cause the socket to move 
across the gap between the spool tree 3 and tubing 
hanger 5 and engage with the plug 17. As shown in 
figure 5. the first electrical contact portions 28 of 35 
the sleeve 21 are moved into contact with the 
electrical contact portions 19 of the pin 18 and the 
second electrical contact portions 29 of the sleeve 
21 are moved into a electrical contact with the 
electrical contact portions 23 of the power core 22. 40 

Thus the electrical connection between the power 
core 22 and plug 17 is achieved. It should be noted 
that only the sleeve 21 moves. The sleeve 21 is 
within a pressure contained void which is pressure 
balanced by the bladder 25. The movement of the 45 
sleeve 21 and the electrical insulation are therefore 
not dependent on pressure. 

The enclosure 34A can be periodically flushed 
with dielectric oil to remove any contaminants from 
the enclosure (e.g. through end duct 34C controlled so 
by the valve 34B of figure 8). 

As can further be seen from figure 5 a sensor 
contact 35 is provided which engages with the 
second electrical contact portion 29 of the sleeve 
21 when the sleeve Is in its fully retracted position. ss 
This then completes a circuit so an electrical signal 
will indicate that the sleeve 21 is in its fully re- 
tracted position. 


Figure 6 shows a connector suitable for a sig- 
nal cable 15. The signal cable 15 is fixed to the 
side of the spool tree 3 and leads to a connector 

36 which connects it to a connecting cable 37, 
which Is coiled within a sealed enclosure 34A in the 
spool tree 3. The connector 36 is sealed to the 
housing 19A with seals 36A. The connecting cable 

37 is directly attached to a shuttle 20. An actuating 
stem 39, which is provided at one end with a 
manually operable adapter 40. is threadably en- 
gaged with respect to a non-rotatable mandrel con- 
nected to the shuttle 20. Stem packing 39A seals 
the stem 39 to the housing 19A and together with 
seals 14A,14B,36A serves to define the sealed 
enclosure 34A. A socket 41 having three connec- 
tions for signal cables is provided In the tubing 
hanger 5. The number of signal cable connections 
is dependent on the particular application of the 
socket and is typically between one and twelve. 
Although not shown in figure 6. the shuttle 20 Is 
provided with the same arrangement of gland type 
diaphragms, bladder and dielectric gel as that de- 
scribed in relation to the first example. 

Rotation of the actuating stem 39 causes axial 
movement of the shuttle 20 thus reciprocating It 
into and out of engagement with the socket 41. 
When the shuttle 20 is in its engaged position, the 
coll of connecting cable 37 is extended without 
tensioning the cable 15. 

A third example of a connector suitable for 
supplying three phase power is shown in figure 7. 
This is an alternative to the three separate power 
connections show in figure 2. The connector of the 
third example Is similar to that described in figures 
3 and 4 and the same reference numerals have 
been used. There are two main differences be- 
tween the examples. Firstly, a single sleeve 21 
provides connections for three power cables 
9,10,11 at a single location. Each cable is provided 
with its own core 22' and associated connections 
19*.23*,28*,29*. Secondly, the end of the sleeve 21 
closest to the tubing hanger 5 is provided with 
three pins 42 which mate with respective sockets 
43. This arrangement can of course be incorpo- 
rated in a connector for a single cable such as that 
of the first example. Each socket 43 is provided 
with a dummy pin 43a which is retained within the 
socket 43, seals with the gland type diaphragms 
24', and is urged outwardly by a respective spring 
43b. When a pin 42 engages with a respective 
socket 43. the dummy pin 43a is pushed back 
against the resilience of the respective spring 43b. 
Either the dummy pin 43a or the pin 42 is always 
sealed to the gland type diaphragm 24' thus pre- 
venting leakage of the dielectric gel 26'. To allow 
extra space for the springs 43b, the connection can 
be fitted with its line of action at a tangent to a 
circle around the axis of the tubing hanger 5, in a 
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similar manner to that shown for connections 14 
shown in figure 2, Otherwise, a radial connection 
such as that shown in figure 2 for the connection 
16 can be used. 

Further pins and sockets can be provided for s 
signal connections, or existing power pins can be 
provided with additional electrical contact portions 
for signals. 

A fourth example is shown in figure 8 and 
differs from the examples show in figure 7 only in io 
that the end of the shuttle 21 remote from the 
tubing hanger 5 is also provided with pins 44 which 
reciprocate with respect to sockets 45 which are 
fixed with respect to the spool tree 3. In this case, 
the gel 26 is contained in the sockets 43. 45 which is 
remain stationary. If the sockets 43 in the tubing 
hanger 5 are damaged, they can be retrieved by 
pulling the hanger. The sockets 45 in the spool tree 
3 are not subjected to a penetration operation so 
that gland type diaphragms should not be damag- 20 
ed. Should it be needed, replacement gel can 
simply be injected into the sockets 45. 

As can be seen from figures 7 and 8. a 90* 
connector 46 occupies a considerable amount of 
space within the tubing hanger 5. In order to allow 25 
for this, an example of a surface tree assembly, 
such as that shown in figure 9 can be provided. 

The tubing hanger 5 is provided with an axial bore 
portion 48. An offset bore portion 49 leads from the 
axial bore portion 48. The offset bore portion 49 is 30 
offset from and has a smaller diameter than the 
axial bore portion 48. As can be seen from figure 9, 
the offset bore portion 49 provides sufficient space 
for a connector 50 of the type according to the 
third and fourth examples. The provision of the 35 
axial bore portion 48 at the top of the tubing hanger 
ensures that many of the wellhead operations, such 
as running tool operations, can also be carried out 
in concentric mode. The well can be plugged using 
a conventional concentric plug 51 . The surface tree 40 
can be readily adapted to provide a subsea tree 
assembly. 

Claims 

45 

1. An assembly providing an electrical connection 
across an interface between a radially inner 
member (5) and a surrounding radially outer 
member (3), the assembly comprising a sealed 
enclosure (34A) between the inner and outer 50 
members; a cable (9,10,11,15) which leads to 
the enclosure and Is fixed and sealed to a wall 
of the enclosure, and which has at least one 
conducting core; an electrical coupling element 
(17,17',41) within the inner member; and a 55 
shuttle (20) which is reciprocatable radially in- 
wardly from a disconnected position wholly 
within the outer member to a connected posi- 


tion in which the shuttle makes an electrical 
connection from the conductor core to the 
electrical coupling element. 

2. An assembly according to claim 1 , wherein the 
shuttle (20) is slidable on a fixed power core 
(22,22*) which provides a coupling element 
electrically connected to the cable core. 

3- An assembly according to claim 2, wherein the 
shuttle (20) is provided at either or both ends 
with a pin (42.44) which mates, in use. with a 
corresponding socket (43,45) of the respective 
coupling element to make the electrical con- 
nection. 

4. An assembly according to claim 1 or claim 2, 
wherein the shuttle (20) is provided at either or 
both ends with a socket (21) which mates, in 
use, with a corresponding pin of the respective 
coupling element (18,22) to make the electrical 
connection. 

5. An assembly according to any one of the pre- 
ceding claims, wherein the shuttle (20) is filled 
a dielectric gel (26) which is contained within a 
flexible bladder (25) exposed to the surround- 
ing pressure. 

6- An assembly according to claim 5, wherein a 
plurality of gland type diaphragms (24) are 
provided at each end of the shuttle (20) which 
seal with the conducting element (22,22*) 
and/or a conducting element (19) in the cou- 
pling element (17). or close up in the absence 
of a core in order to retain the gel (26) within 
the shuttle. 

7. An assembly according to claim 1, wherein a 
connecting cable (37) connected to the cable 
(15) is coiled within the enclosure (34A) and is 
fixed to the shuttle (20). 

8. An assembly according to any one of the pre- 
ceding claims, wherein the shuttle (20), is re- 
ciprocated by rotation of a screw threaded 
element (33,39) coupled to the shuttle. 

9. A tree assembly in which a tubing hanger (5) 
comprises an inner member, and wherein an 
assembly according to any one of the preced- 
ing claims is provided with a plurality of con- 
nections which are circumferentially disposed 
about the longitudinal axis of the tubing hang- 
er. and have their lines of operation offset from 
the axis of the tubing hanger. 
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10. A tree assembly according to claim 9. wherein 
the lines of operation are tangential to a circle 
centred on the axis of the tubing hanger. 

11. A tree assembly in which a tubing hanger (5) s 
comprises an inner member, and wherein an 
electrical connection according to any one of 
claims 1 to 8 provides the connection between 

the tubing hanger and the surrounding mem- 
ber (5), the electrical connection providing a u 
connection for a plurality of cables. 

12- A tree assembly according to claim 11, 
wherein an axial bore (48) in the top of the 
tubing hanger leads into an offset bore (49) is 
having a diameter smaller than that of the axial 
bore. 

ia A tubing hanger (5) for a wellhead assembly, 

wherein an axial bore (48) is provided in the 20 
top of the tubing hanger, which bore leads into 
an offset bore (49) having a diameter smaller 
than that of the axial bore allowing a tubing 
string to be supported with its axis offset from 
the axis of the tubing hanger. 25 
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namely: 


1. claims 1-8,11: Electrical connection 


2. Claims 9,10 


Tree assembly with a plurality 
of connections which are circumferentially 
disposed about the longitudinal axis 
of the tubing hanger 


3. Claims 12,13 : Tubing hanger with an offset axial bore 
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